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PREFACE 
During the summer of 1982 Gernhard B i t t i g ,  Professor of Forest Economics 
and Forest Policy in Zurich, v i s i t ed  the  Lake Di s t r i c t  and gave a seminar 
a t  Merlewood e n t i t l e d  ' In te rac t ions  between ecology and economics'. The 
seminar created considerable i n t e r e s t ,  pa r t i cu la r ly  because Professor B i t t i g  
had a view of ecology tha t  some of us found hard t o  r e l a t e  t o  - many of the  
words were fami l ia r  b u t  t h e i r  context and the concepts behind them appeared 
unfamiliar. 
Professor B i t t i g  provided a writ ten version of his  t a lk  t o  maintain the 
stimulus of the  discussion. A t  t h a t  time Dr Paul Messerli, Co-Director of 
the  Swiss Man and the Biosphere Progranune (MAB), was on sabbatical leave a t  
Merlewood and he provided fur ther  comments on Professor B i t t i g ' s  paper. 
Tragically Professor B i t t i g  was k i l l ed  in a helicopter accident in Switzerland 
in  October 1982. H i s  paper, along w i t h  Paul Messer l i ' s  comments, are 
reproduced here, in memory of the stimulus and ins ight  which he provided and 
in the hope t h a t  the debate will  continue. 
- 
0 W Heal 
February 1983 
I N T E R A C T I O N S  BETWEEN ECOLOGY AND ECOtiOMJCS 
By B. B i t t i g ,  CH-3116 Muhledorf ,  Sw i t ze r l and  
Pro fessor  o f  Fores t  Economics and Fo res t  P o l i c y  
a t  t h e  
Swiss Federal I n s t i t u t e  of Technology, Z u r i c h  
SUMMARY 
I n t e r a c t i o n s  between economics and ecology are analyzed by means o f  a  
deduct ive  approach as w e l l  as by means o f  an i t e r a t i o n  model. A d d i t i o n a l  
approaches are b r i e f l y  touched upon, w i t h  the  Black box approach be ing  
considered as p a r t i c u l a r l y  s u i t a b l e .  F i n a l l y ,  t h e  l i m i t s  o f  a l l  thought  
models a re  de f ined.  
1  INTRODUCTION 
I n  t h e  c u r r e n t  process o f  forming p o l i t i c a l  op in ions  i t  i s  i n c r e a s i n g l y  
admit ted t h a t  some connect ion e x i s t s  between economics and ecology. Many 
p o l i t i c a l  i n i t i a t i v e s  are taken i n  favour  o f  conserv ing our  n a t u r a l  env i -  
ronment, and r a d i c a l  methods are app l i ed  by c e r t a i n  m i l i t a n t  groups i n  t h e i r  
e f f o r t s  t o  s top  t h e  so -ca l l ed  progress.  
What are now t h e  ac tua l  problems i n  t h e  f i e l d  o f  economics? Most n a t i o n a l  
economies are  a t  present  cha rac te r i zed  by general underemployment. Although 
s u b s t a n t i a l  progress was made i n  t h e  l a s t  few decades i n  economic theor ies ,  
t h e  impor tan t  econonlic bas ic  problems such as f u l l  employment, f a i r  wages, 
low r a t e s  o f  i n f l a t i o n ,  f a i r  t a x a t i o n ,  s u f f i c i e n t  s o c i a l  w e l f a r e  and so on 
are s t i l l  n o t  y e t  solved. The t a r g e t  n o t i o n  o f  constant  economic growth has 
somewhat l o s t  i t s  former prominent p o s i t i o n  i n  view o f  t h e  many present  eco- 
nomic problems. However, we s h a l l  be faced w i t h  enormous developments i n  t h e  
nex t  decades i n  connect ion w i t h  t h e  e f f e c t s  o f  modern computer techniques. 
The changes which t h i s  w i l l  b r i n g  about i n  t h e  economic process cannot y e t  
be f u l l y  fcreseen b u t  they  w i l l  undoubtedly have i n  t u r n  s o c i a l  and economic 
consequences. - To ge t  a  b e t t e r  t h e o r e t i c a l  grasp o f  adapta t ion  f r i c t i o n s ,  
t h e  concept o f  e x t e r n a l i t i e s  has been in t roduced i n  economic theory .  These 
are  e x t e r n a l  e f f e c t s  which are cha rac te r i zed  by t h e  f a c t  t h a t  consumers o r  
producers cause each o the r  p o s i t i v e  o r  negat ive  e f f e c t s  o f  a t e c h n i c a l ,  
mental ,  economic, or s o c i a l  na tu re  f o r  which n e i t h e r  he who causes them i s  
charged n o r  he who s u f f e r s  f rom them i s  compensated. 
Experience i n  ecology has a l s o  increased r a p i d l y  over  t h e  l a s t  few years. We 
are  g e n e r a l l y  agreed t h a t  our  n a t u r a l  balance s u f f e r s  wor ldwide f rom con- 
s t a n t  d e t e r i o r a t i o n  and t h a t  a s top  must be p u t  t o  damages done f o r  economic 
seasons. The va r ious  analyses range f rom p e s s i m i s t i c  (Fo r res te r ,  Meadows, 
Global  20001 t o  p o s i t i v i s t i c  ones (Kahn) b u t  negat ive  assessments p r e v a i l  i n  
p r a c t i c a l  p o l i t i c s .  
2 POSSIBLE APPROACHES TO COPE WITH THE CONFLICTS BETWEEN ECONOMICS AND ECOLOGY 
21 Deduct ive approach 
An at tempt i s  f i r s t  made t o  i d e n t i f y  t h e  above-mentioned complex o f -  ques- 
t i o n s  by  a deduct ive  approach. Beginning w i t h  t h e  economic goals, these 
may be o u t l i n e d  b r i e f l y  as f o l l o w s :  
- Economical ly  optimum use o f  t h e  p roduc t i on  f a c t o r s  labour,  c a p i t a l ,  and 
1 and. 
- F a i r  d i s t r i b u t i o n  o f  income and weal th.  = 
- M a i n t a i n i n g  secondary goals as f u l l  employment, p r i c e  s t a b i l i t y ,  e t c .  
To t h i s  end a t t e n t i o n  must be p a i d  t o  t h e  f o l l o w i n g  market cond i t i ons :  
- The economic sub jec ts  a re  expected t o  behave r a t i o n a l l y  bo th  w i t h  r e -  
gard t o  supply and demand (max imal iza t ion  o f  p r o f i t s  and u t i l i t y ,  
r e s p e c t i v e l y ) .  
- Product ion  should be e f f i c i e n t .  Th i s  means t h a t  p roduc t i on  should f o l -  
low r a t i o n a l  p r i n c i p l e s ,  i .e .  a g iven t a r g e t  shou ld  be achieved w i t h  a 
minimum o f  means, o r ,  when t h e  means are given, t h e  t a r g e t  reached 
should be t h e  bes t  poss ib le  one. 
- P e r f e c t  c o m p e t i t i o n  i s  e s s e n t i a l  ( a  l a r g e  number of market p a r t i c i -  
pants, complete market transparency, f r e e  access t o  t h e  market, no 
p r e f e r e n t i a l  t rea tment  o f  market p a r t i c i p a n t s  i n  personal ,  s p a t i a l ,  o r  
n ia te r i  a1 respect ,  homogeneous supply o f  goods, r a p i d  adapta t ion) .  
As soon as one o f  these c o n d i t i o n s  i s  n o t  met, we do no l o n g e r  have t h e  
bes t  p o s s i b l e  a l l o c a t i o n  o f  market resources ( t h e  Pare to  optimum i s  n o t  
reached 1. 
It i s  n o t  p o s s i b l e  t o  formulate eco log i ca l  o b j e c t i v e s .  Only t h e  f o l l o w i n g  
t h e o r i e s  can be drawn f rom ecology:  
- Man must t a k e  i t s  p lace  i n  t h e  n a t u r a l  cyc le ;  he cannot dominate na- 
t u r e .  
- The e c o l o g i c a l  laws o f  na ture  should be s t r i c t l y  observed, p a r t i c u l a r l y  
i n  t h e  p o i n t s  o f  con tac t  between man and nature .  
- The amount o f  energy used f o r  p roduc t i on  and consumption o f  goods and 
se rv i ces  should be reduced. 
- Any d i s r u p t i o n s  o f  t h e  m a t e r i a l  c y c l e  through b i o c i d e s  and i n o r g a n i c  
po l  1  u t i  on should be avoided . 
- A t t e n t i o n  should be pa id  t o  t h r e s h o l d  values f rom negat ive  t o  p o s i t i v e  
feedbacks o f  ecosystems. The d e s t r u c t i o n  o f  l o c a l  ecosystems a l s o  
a f f e c t s  o t h e r  systems. 
- Man does n o t  l i v e  f rom nature  o n l y  bu t  a l s o  f rom immater ia l  values. 
These should be taken care  o f  t oo .  
What do these i n t e r a c t i o n s  look  l i k e  i n  t h e  deduct ive  process? Figure 1 
shows ecology as l i f e - e n c i r c l i n g  sec to r  o f  f i r s t  p r i o r i t y ,  f o l l o w e d  by 
s o c i e t y  i n  which economics i s  y e t  g iven a  se rv ing  f u n c t i o n .  This  thought  
model i s  found i n  t h e  f i e l d  o f  p o l i t i c a l  ecology. 
F i g u r e  1 : Model o f  p o l i t i c a l  ecology 
The following figure 2 shows political economics including ecology in the 
sense of Marxism. 
Figure 2: Model of political economics 
Figure 3: Market-oriented model 
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Figure 3 shows a thought model illustrating the tension between the three 
sectors mentioned in a market-oriented society. The intersections of the 
three circles are particularly interesting. 
P o l i t i c a l  economics, which i s  concerned no rma t i ve l y  w i t h  a l l  r e l e v a n t  
economic quest ions,  i s  t o  be found i n  t h e  l e f t - h a n d  i n t e r s e c t i o n .  On t h e  
r i gh t -hand  s i d e  we f i n d  p o l i t i c a l  ecology, i n d i r e c t l y  a l s o  human ecology, 
which at tempts t o  deal w i t h  t h e  i n t e r s e c t i o n  between ecology and soc ie t y .  
I n  t h e  f i e l d  o f  p o l i t i c a l  ecology t h e  o rgan iz ing  p r i n c i p l e s  o f  na ture  are  
i n  t h i s  connect ion f r e q u e n t l y  app l i ed  t o  s o c i e t y  (cf . ,  f o r  example, Ehr- 
1 i c h I E h r l i c h  and Goldsmith/Ael len) .  Such an approach i s  i n  my op in ion  i n -  
admissable s ince  s o c i e t y  as heterogeneous human c r e a t i o n  d e f i e s  t h e  com- 
p a r a t i v e l y  s imple o rgan iz ing  p r i n c i p l e s  of na tu re  i n  many respects .  
The middle sec to r  i s  of p a r t i c u l a r  i n t e r e s t  s ince  i t  shows t h e  area i n  
which t h e r e  are t h e  ac tue l  c o n f l i c t s  o f  goals between economics, ecology, 
and soc ie t y .  Th i s  sec to r  i s  p a r t i c u l a r l y  i n f l u e n c e d  by t h e  f o l l a w i n g  f a c -  
t o r s  : 
- Time f a c t o r :  Th is  f a c t o r  has a  h i g h l y  r e s t r i c t i v e  e f f e c t  i n  economy 
s ince  a l l  economic dec is ions  are i n  the  long run  dec is ions  taken under 
u n c e r t a i n t y .  Economics i s  n o t  y e t  able t o  supply da ta  which prov ides  
b i n d i n g  i n f o r m a t i o n  f o r  dec is ions  over a  p e r i o d  o f  more than 20 years. 
Weak p o i n t s  are, f o r  example, c a l c u l a t i o n  o f  compound i n t e r e s t s  where 
exponent ia l  f u n c t i o n s  are used, o r  p r i c e  fo rma t ion  which o n l y  takes 
i n t o  account t h e  cos t  o f  e x p l o i t a t i o n  i n  the  u t i l i z a t i o n  o f  non-renew- 
ab le  resources b u t  d is regards  any signs o f  s c a r c i t y  i n  t h e  f u t u r e  
(shadow p r i c e s  ) . 
- S p a t i a l  f a c t o r :  Whereas economics requ i res  p roduc t i on  t o  be as e f f i -  
c i e n t  as p o s s i b l e  thus l ead ing  t o  pronounced d i v i s i o n  o f  labour ,  eco- 
l ogy  and s o c i e t y  are based on balanced s p a t i a l  development. 
- Assessabi l  i t y  f a c t o r ,  app ra i sa l  : Economics have produced some i n t e r -  
e s t i n g  models i n  t h e  sense o f  g loba l  app ra i sa l s  i n c l u d i n g  a l s o  ecology 
( i npu t -ou tpu t  c a l c u l a t i o n ,  t o t a l  ana lys is ,  e t c . ) ,  though these models 
are n o t  f u l l y  ope ra t i ona l  because o f  t h e i r  l a c k  o f  a s s e s s a b i l i t y .  Eco- 
l o g y  cannot be complete ly  measured due t o  t h e  l ack  o f  an e f f i c i e n c y  
c r i t e r i o n  whereas economics can show human preferences f o r  marketable 
goods on ly .  But i t  i s  a  f a c t  o f  experience t h a t  mankind ac ts  i r r a t i o n -  
a l l y  thus  p reven t i ng  any comparison o f  non-marketable goods such as 
u t i l i t y ,  i n te r tempora l  o r  i n te rpe rsona l ,  and making such assessment 
i l l u s o r y .  
This shows that there appear to be so many methodical problems in coping 
with conflicts of goals by means of deductive instruments that we cannot 
expect more than to be moderately successful in this respect. 
22 Iteration approach 
A further possibility would be an iteration process in order to improve 
the decision-making process. This iteration process is briefly outlined 
in a basic model in figure 4. 
Figure 4: Iteration model for decision-making 
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The objectives may be formulated on the basis of existing materials for a 
certain problem. 
On the level of means, coercive means are applied in a prohibitive sense 
whereas the fiscal means may act either as inducement, adaptation, or 
discouragement, and the performant means are in particular directly 
induced means (for instance, infrastructure). After planning and 
opera t ion ,  c o n t r o l  i s  o f  p a r t i c u l a r  i n t e r e s t  a l though t h e  main problem 
here i s  t h e  g rea t  d i f f i c u l t y  t o  d e f i n e  t h e  s e t  goals.  
Th is  approach i s  p a r t i c u l a r l y  use fu l  i n  areas where s u b s t a n t i a l  parts o f  
t h e  problem may be assessed and de f i ned  q u a n t i t a t i v e l y .  I have achieved 
p o s i t i v e  r e s u l t s  here i n  p a r t i c u l a r  i n  connect ion w i t h  f o r e s t  p o l i c y  i n  
Swi tzer land.  The p o s s i b i l i t y  o f  feedbacks i s  a l s o  i n t e r e s t i n g ,  thus  mak- 
i n g  p o s s i b l e  permanent adapta t ion  t o  changing circumstances. 
As regards  economics and ecology a t t e n t i o n  must be p a i d  t o  t h e  f a c t  t h a t  
t h e  corresponding o b j e c t i v e s  should be fo rmula ted  i n  such a way as t o  
take  i n t o  cons ide ra t i on  b o t h  economic and e c o l o g i c a l  aspects. On t h e  
l e v e l  o f  i ns t rumen ta l  o b j e c t i v e s  bo th  sec tors  should then be on t h e  same 
l e v e l .  
23 Other approaches 
I n  connect ion w i t h  t h e  syn thes is  o f  complex s ta tes  o f  a f f a i r s  i n  t h e  
f i e l d  o f  economics/ecology i t  appeared t h a t  t h e r e  e x i s t e d  a d d i t i o n a l  
t h e o r e t i c a l  approaches. These experiences were gained through t h e  MAB 
(Man and Biosphere)  p r o j e c t  i n  Swi tzer land.  Mention should f i r s t  be made 
o f  t h e  growth models which use bo th  econometric methods and l i n e a r  p ro-  
gramming. Such models a re  p a r t i c u l a r l y  i n t e r e s t i n g  i n  a d i d a c t i c  respec t  
b u t  a re  no t  ve ry  s u i t a b l e  t o  ga in  s u b s t a n t i a l  new f i n d i n g s  due t o  t h e i r  
determinacy. 
Scenarios are  used t o  i n v e s t i g a t e  p o s s i b l e  f u t u r e  s i t u a t i o n s  f o r  t h e i r  
e f f e c t s  on t h e  e n t i r e  complex o f  problems. These, too, are thought  models 
which are  va luab le  f rom a d i d a c t i c  p o i n t  o f  view b u t  l ead  t o  c l e a r  f i n d -  
i ngs  i n  t h e i r  t u r n i n g  p o i n t s  o n l y  (analogous t o  t h e  s e n s i t i v i t y  analy-  
s i s ) .  Since economic developments u s u a l l y  occur  over l o n g  pe r iods  o f  t i m e  
and ( i n d i s t i n c t l y )  i n  smal l  s teps on ly ,  such scenar ios  are u s u a l l y  a 
f a i l u r e .  
Balance models make i t poss ib le  t o  show changes i n  s i t u a t i o n s  i n  t h e  
economic and e c o l o g i c a l  sector .  But t hey  are  meaningful  o n l y  i f  f l u x  
v a s t l y  exceeds t h e  c a p i t a l .  However, t h e  oppos i te  app l i es  t o  ecology so 
t h a t  t h i s  approach, too,  i s  use fu l  f o r  a few p a r t i a l  quest ions on l y .  
8 
The b lackbox approach i n  syn thes is  d iscuss ions  appears t o  me t o  be par-  
t i c u l a r l y  promis ing.  The e f f e c t s  o f  sub-systems are  taken i n t o  cons ider -  
a t i o n  o n l y  when t h e r e  are  s u b s t a n t i a l  e x t e r n a l  changes. Systems w i t h  neg- 
a t i v e  feedback and w i t h o u t  impor tan t  changes i n  t h e  course o f  t ime  do n o t  
have t o  be looked a t  more c l o s e l y ,  and t h e i r  re levance t o  o v e r a l l  systems 
i s  s imp ly  r e s t r i c t e d  t o  e x t e r n a l  parameters. Should t h e r e  be p o s i t i v e  
feedback i n  a blackbox, f u r t h e r  d i v i s i o n  i n t o  sma l l e r  blackboxes and a 
more d e t a i l e d  ana lys i s  o f  t h e  sub-system i n  ques t i on  are, o f  course, 
e s s e n t i a l .  The blackbox approach makes i t  poss ib le ,  i n  p a r t i c u l a r ,  t o  
combine d i f f e r e n t  sub-systems which were d e a l t  w i t h  w i t h  d i f f e r e n t  i n t e n -  
s i t y ,  methods, o r  t ime  hor izons .  
3 CONCLUSIONS 
The purpose o f  t h e  present  paper was t o  o u t l i n e  some bas i c  quest ions O f  i n -  
t e r a c t i o n s  between economics and egology by means o f  a summary account. I n  
t h i s  connect ion,  a t t e n t i o n  must be pa id  t o  t h e  f a c t  t h a t  a l l  s c i e n t i f i c  e f -  
f o r t s  are merely  thought  models work ing through a b s t r a c t i o n  (omiss ion)  and 
i s o l a t i o n  ( v a r i a b l e s  becoming cons tants ) .  Such models cannot r e f l e c t  r e a l i -  
-- 
t y .  One must f u r t h e r  be aware of t h e  f a c t  t h a t  r e s u l t s  may be b e t t e r  than 
i n p u t  data. Moreover, t h e  q u a l i t y  o f  t h e  r e s u l t s  does n o t  depend on t h e  
number o f  equat ion  o r  t h e  s i z e  of t h e  computer o r  t h e  t ype  o f  p resenta t ion .  
The parameters are  f r e q u e n t l y  chosen i n  a way t h a t  t h e  model i s  " r i g h t " .  The 
equat ions, too,  a re  formed i n  a way t h a t  t h e  r e s u l t s  appear t o  be reasonable 
which, o f  course, again prevents a p r i o r i  s u b s t a n t i a l  new pieces o f  knowl- 
edge t o  be gained. F i n a l l y ,  models a s s i s t  merely  i n  t h e  decision-making pro-  
cess; they  cannot be considered as ac tua l  dec is ions  because o f  t h e i r  s t r u c -  
t u r a l  weaknesses. 
It i s  e s s e n t i a l  t o  con t i nue  permanently t o  examine me thod ica l l y  these ques- 
t i o n s .  It i s  u n l i k e l y  t h a t  t h e r e  w i l l  ever  be a complete break-through i n  a 
methodical  respect .  It i s  r a t h e r  an i t e r a t i o n  process i n  which, f i g u r a t i v e l y  
speaking, v a r i o u s  methods a r e  c i r c l e d  round a non -a t ta inab le  t a r g e t .  I f  t h e  
new methodical  p ieces o f  knowledge are c i r c l i n g  towards t h e  c e n t r e  p o i n t ,  
t h i s  would a l ready  be a g r e a t  success. Whether t h e  contents  o f  t h e  present  
paper a re  a l s o  c i r c l i n g  towards t h e  cen t re  p o i n t  o r  runn ing  i n  t h e  oppos i te  
d i r e c t i o n  i s  l e f t  t o  t h e  reader t o  decide. 
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W i t h  these few coments I do not expect t o  provide grea te r  ins ight  i n to  the 
problems ident i f ied  by Bi t t ig  in his  paper. However, I do hope t o  widen 
the context within which B i t t i g ' s  analysis can be seen. I have t r i e d  t o  
do t h i s  mainly in two direct ions:  
- Towards a h i s tor ica l  analysis of the development of ecological and social  
systems, as done by Lieth (1981). He out l ines  some very persuasive 
arguments as t o  why the l inks  between ecology and economics are so tenuous 
and why the human value-systems incorporate only few ecologically-based 
components. 
- Towards a pract ical  suggestion on how to  overcome the problem of 
integrating ecological objectives in to  the decision process, otherwise 
dominated by the ra t ionale  of economics. 
In addition I think there are  points of misunderstanding between ecologis t  
and economist because of t h e i r  d i f fe ren t  points of view. This difference 
a r i s e s  from the f a c t  t ha t  the ecologis t  i s  mainly concerned with the 
improvement of our understanding of ecological -brocesses, whereas the 
economists' viewpoint, represented by B i t t i g ,  i s  t ha t  of a po l i t i ca l  adviser,  
personally involved in the decision-process where he has t o  defend nature 
against  increasing impingement of man. However, t o  advocate nature within 
a ra t ionale  defined by economic rules  needs a c lear  analysis of the  main 
points of divergence between ecological and economical principles.  
HISTORICAL ANALYSIS OF THE DEVELOPMENT OF ECOLOGICAL AND SOCIAL SYSTEMS 
In his h i s tor ica l  analysis of the development of human and natural systems 
and the interact ions  and inter-dependencies between these systems, Lieth 
makes the following points: 
1 As a r e su l t  of man's inte l l igence and a b i l i t y  t o  cope w i t h  cons t ra in t s ,  
human beings have been able t o  reach a sovereign posit ion within the 
material- and energy- flows of an ecosystem. 
This position i s  characterized a) by the f a c t  t ha t  the percentage of 
human ac t iv i ty  devoted t o  obtaining material needs decreases i n  the  
course of time and b) by h i s  increasing res is tance against  a t tacks  
from the next trophic level i n  the ecosystem (microbes), by development 
of hygiene and medical treatment. 
Therefore, man's eminent posit ion within the ecosystem depends mainly 
on his a b i l i t y  t o  produce food and on the protection of the population 
from being consumed. 
2 Since, i n  the  course of his tory,  even fewer people were needed f o r  the  
essen t ia l  physical functions mentioned above, the  sa t i s fac t ion  of 
sp i r i t ua l  and psychological needs of society have taken p r io r i t y  over 
agr icul ture  and nursing, i n  the creation of new social  s t ruc tures -  
3 As a r e su l t  of t h i s  development, a l l  human cul tures  h i ther to  have 
exploited t h e i r  environment unt i l  i t  collapsed, the population was 
diminished by incurable i l l ne s s  o r  epidemic, or  e l s e  was eliminated o r  
absorbed by stronger cultures.  
.*. 
A t  no time did there e x i s t  a real  understanding among humans about t h e i r  
re la t ionship t o  t h e i r  envi ronment. 
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What are the conclusions tha t  can be drawn from t h i s  analysis ,  f o r  a be t t e r  
understanding of the exis t ing conf l ic t s  between ecology and economics? 
1 The highly independent development of natural ecosystems and social  
systems i s  seen i n  the development ofdecis ion rules  and value systems 
w i t h i n  which ecological pr inciples  have only low p r i o r i t i e s .  
2 The time of the  physical independence of man from the ecosystem i s  
coming t o  an end because the human species has expanded too much and 
the impact of man on nature has caused the progressive worsening of 
environmental conditions, w i t h  feedbacks on human health and well-being. 
3 The ex is t ing  cul tural  and social  s t ructures  cannot meet t h i s  new 
s i tua t ion  and therefore we have t o  look f o r  improvements. 
CONFLICTS BETWEEN THE STRUCTURE OF SOCIAL AND ECOLOGICAL SYSTEMS 
B i t t i g ' s  analysis i s  based on Lieth 's  th i rd  conclusion, i e  t ha t  there ex i s t  
s t ructural  confl ic ts  between ecological and social  systems. By means of 
a deductive approach, he i den t i f i e s  three areas of divergence between 
ecological and economical principles:  
1 - Time: Within economics, and related to  the decision process, there 
i s  an over-emphasis on short-term information and e f f e c t s ,  whereas, in 
ecology, long-term e f f e c t s  and responses are  of equal, i f  not of 
dominant, importance. 
2 Space: Spat ia l  organization according t o  economic pr inciples  (division 
of labour and se lec t ive  use of resources) and technical constraints 
( i n d i v i s i b i l i t y  of technology) i s  in contrast  t o  spa t ia l  organization 
and land use pattern which allows intensive interact ions  and exchanges 
between parts of an ecosystem and between d i f fe ren t  ecosystems. Thus 
s t a b i l i t y  i s  enhanced ( a l l  known self-regulations re ly  on interactions 
and not on separation!). 
3 Efficiency: In B i t t i g ' s  deduction, the fol7owing logical chain can be 
recognized: Ecology has no objectives comparable w i t h  those exis t ing 
in economics. Without objectives,  no efficiency c r i te r ion  can be 
developed and therefore there i s  no immediate poss ib i l i ty  of re la t ing 
ecological findings t o  the decision process. I t  i s  even more d i f f i c u l t  
t o  incorporate ecological findings i f  they are  of a purely qua l i ta t ive  
nature. 
This discrepancy can be i l l u s t r a t e d  by a simple comparison of the two 
systems : 
- Economic system: Characterized by high flow ra tes  and small stocks. 
On change, the res i l i ence  i s  therefore high, and misallocations of 
production factors  provoke an immediate response i n  the actor. There 
a l so  ex i s t s  a uniform scale  of measurement and a simple information 
code. Money f u l f i  1s the* function of a macro-indicator of efficiency. 
- Eco log i ca l  system: Character ized by  h i g h  f l o w  r a t e s  and smal l  stocks. 
By i n e r t i a  and b u f f e r i n g  capac i t y  t h e  r e s i l i e n c e  i s  r e l a t i v e l y  low. 
Therefore, t ime lags  i n  response t o  impacts and s p a t i a l l y  remote 
e f f e c t s  a re  t y p i c a l .  The pe rcep t i on  o f  change i n  r e l a t i o n  t o  human 
generat ions i s  d i f f i c u l t  and the responses o f  the e c o l o g i c a l  system 
are expressed by a v a r i e t y  o f  scales. No macro- ind ica tor  e x i s t s .  
Measurements and observat ions are t ime i n t e n s i v e  and c o s t l y .  
These d i f f e r e n c e s  y e t  again express the  independence i n  t h e  development o f  
the  two systems. 
To avo id  misunderstanding i t  should be s t ressed t h a t  e f f i c i e n c y  c r i t e r i a  
undoubtedly e x i s t  i n  ecology. Bu t  again, they can o n l y  e x i s t  i n  r e l a t i o n  
t o  q u a n t i t a t i v e  data; t o  f l o w  r a t e s  and stocks; t o  i n p u t  and ou tpu t  
r a t i o s .  I n  respect  o f  q u a l i t a t i v e  in fo rmat ion ,  a l i n k  w i t h  e f f i c i e n c y  
c r i t e r i a  i s  very  d i f f i c u l t  because the re  e x i s t s  no one-to-one correspondence 
between t h e  s t r u c t u r e  and f u n c t i o n  o f  an ecosystem! 
As a r e s u l t  o f  t h i s  argument, we can p o i n t  o u t  t h a t  t h e  e v a l u a t i o n  system o f  
economics cannot e a s i l y  be expanded on eco log i ca l  grounds, because t h e  
eva lua t i on  through t h e  market mechanism i s  r e s t r i c t e d  t o  marketable goods 
(see B i t t i g ) .  Although economics developed new concepts i n  o r d e r  t o  
t r a n s f e r  eco log i ca l  r e s t r i c t i o n s  and capac i t y  1 i m i  t s  through s c a r c i t y  
s igna ls  i n t o  p r i ces ,  and several  suggest ions were made t o  i nco rpo ra te  
eco log i ca l  p r i n c i p l e s  i n t o  t h e  design and management o f  s o c i a l  systems, we 
have s t i l l  t o  cope w i t h  t h e  f a c t  t h a t ,  i n  p l u r a l i s t i c  soc ie t y ,  s o c i a l  
p o l i c y  s t r i v e s  n o t  t o  achieve remote goals, ' s c i e n t i f i c a l l y  determined' , 
b u t  r a t h e r  t o  maximize man's o v e r a l l  w e l l  b e i n g  i n  a manner e a s i l y  
understood and perceived by most i n d i v i d u a l s  i n  t h e  soc ie ty .  
I n  one p o i n t  I disagree w i t h  B i t t i g .  The f o r m u l a t i o n  o f  e c o l o g i c a l  
o b j e c t i v e s  i s  poss ib le  and i s  a m a t t e r  o f  f a c t .  Many e c o l o g i c a l  t a r g e t s  
have been formulated,  on a l l  l e v e l s  o f  dec i s ion  making, d u r i n g  recen t  
1 decades. Th is  can be seen as a r e s u l t  o f  t h e  i nc reas ing  concern o f  man 
about na tu re  and as a r e a c t i o n  o f  perceived responses o f  na tu re  t o  human 
a c t i v i t y .  The ac tua l  problem i s ,  there fore ,  n o t  a l a c k  o f  e c o l o g i c a l  
o b j e c t i v e s  b u t  t h e  i n c o r p o r a t i o n  o f  these o b j e c t i v e s  i n t o  t h e  d e c i s i o n  
process. 
A PRACTICAL APPROACH ON HOW TO INTEGRATE ECOLOGICAL OBJECTIVES INTO THE 
DECISION PROCESS ON A  LOCAL OR REGIONAL LEVEL 
F igu re  ? : I n t e g r a t i o n  o f  e c o l o g i c a l  o b j e c t i v e s  i n t o  t h e  dec i s ion  process. 
A  main o b j e c t i v e  o f  eco log i ca l  research i s  t o  improve the  
knowledge and assessabi 1  i ty o f  eco log i ca l  responses t o  human 
a c t i v i t y .  
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This  approach takes i n t o  account: 
1  Both eco log i ca l  and s o c i a l  ob jec t i ves  a r e  a t  the  same l e v e l .  
2 General eco log i ca l  ob jec t i ves  have t o  be t r a n s l a t e d  i n t o  opera t iona l  
c r i t e r i a  and expressed i n  r e l a t i o n  t o  space and t ime. 
3 Eco log i ca l  r e s t r i c t i o n s  can be i nco rpo ra ted  i n  op t im iza t i on  models 
which s imu la te  the  economic eva lua t i on  process. Therefore 
eco log i ca l  ob jec t i ves  can be i n t e g r a t e d  i n t o  the  dec i s ion  process. 
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4 Social costs  and benef i ts  of ecological constra ints  can be ascertained 
and corrections can be made. 
5 Through impact and response assessment, a re-evaluation of the ecological 
r e s t r i c t i o n s  i s  possible. 
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